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Machining Shrapnel Shells· 
Many Accurate Operations Necessary to Produce a Perfect Projectile 

SHRAPNEL shells are manufactured either from bar 
stock or forgings. The bar stock method, however, Is 
not considered as satisfactory as forging because of pip
ing, so that the greater number of shrapnel shells wade 
at the present time are turned out from forgings. The 
first step, therefore, in the making of a shrapnel is to 
cut off a billet of the required length from a bar of 
steel of the necessary constituents. In the making of 
an 18-pound shrapnel shell, the billet is cut off from a 
bar of 46-point carbon, 70-point manganese steel in ma
chines of different types. One way of doing this, as 
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The next roughing operation is to face off the bot
tom 01' closed end of the forging, bringing the shell to 
approximately the correct length. There are also 
many ways of performing tbis operation. One metbod 
is to grip tbe forging in a cbuck, as shown in Fig. 2, 
in an ordinary lathe and face off the end with a high
speed steel tool. From %. to % inch Is faced off the 
end. 

Practiclflly every type of engine lathe and turret 
!tIthe as well as special machines are used for turning 

<leI' pocket. The turret is then indexed and a tool 
fOI' turning tbe angle of the nose is brought into posi. 
tion. The macbining on tbe nose is tben accomplished 
by operating tbe croBB-sliding bead. Then a roughing 
cutter is brougbt in to rough-bore the powder pocket. 
'l'be turret is again indexed and a ·finishing tool is 
brought in to finish the powder pocket and face the 
diaphragm seat. This finishes tbe machining opera
tions on the shell previous to heat-treatment. 

As was previously stated, tbe tensile strength of II 

Fig. 1.-Cutting billets from steel bars to make shrapnel shells. Fig. 4.-Heat treating shrapnel shell in barium chloride bath. 

shown in l!'ig. I, is to use a cutting-off machine having 
an ail' clamp for holding tbe bar in place while it is be
ing cut off. A duplex saw, as shown in the lllustra
tion, provided with high-speed steel inserted teeth, per
forms the cutting operation. The billet for an 18-
pound shrapnel is 3Yz Inches diameter by 4Yz Incbes 
long. It Is then forged to sbape, as has been previ
ously explained. 

Assuming now that tbe forging bas been completed, 
the following is a summal'y of the machining operations 
on the shell up to the point of assembling. In olle 
plant where this work is being done, the shrapnel shells 
lire put through in lots of 120, forty to a box. Out of 
every 120, "One shell after heat-treatment, Is tested for 
tensile strength. The tensile strength before heat· 

and bOI'ing shl':lpnel forgings. A summary of 
the methods of machining employed in a large Can
adian plant turning out shrapnel will be described. In 
this plant, the first rough-turning operation is han
dled on a fiat turret lathe. For this purpose, the shell 
forging is held on an expanding arbor and is driven 
by a dog fastened to it and driven by the faceplate of 
the lathe. A multiple tool turner is first brought Into 
position and takes a cut of about % Inch from the 
diameter for practically the entire length of the shell. 
'rhe next tool then faces off the end of the shell to 
length. 

The shell forging is now ready for cutting the rifiing 
hand groove and producing the waves. This is handled 
in an ordinary engine lathe equipped with a special 

Fig. 2.-Facing off the end of a shell forging. 

Fig. a.-Cutting groove in base of shell for rifting band. 

treatment must be 30,000 to 40,000 pounds per squUl'e 
inch, and 80,000 to 90,000 pounds per square inch after 
heat-treatment. 

The first machining operation on the forged shell 
is to cut off th.e ragged end, which is generally from Yz 
to lYz inch longer than that required for the finished 
shell. 

• courtesy 01 Machinerll. 

fixture, carrying grooving, waving and undel'-cutting 
tools. Fig. 3. 

The third machining operation is accomplished in a 
flat turret lathe, and consists in facing the. open end 
of the shell, boring the powder pocket and facing ami 
boring the diaphragm seat, and also turning the an
gular surface on the external nose of the shell. First, 
a roughing drill is brought ill to rough out the pow-
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forged shrapnel shell after heat-treatment must be 80,-
000 to 90,000 pounds per square inch, and in order to 
obtain the desired physical qualities, it Is necessal'y 
that the heating operations be properly conducted. Sev
eral methods of heat-treating employing different cool
ing solutions are used in the manufacturing plants 
making shrapnel shells. One method, as shown in 
Fig. 4, is to heat the shell in an electric furnace that 
contains a barium-chloride bath, heated to a tempera
ture of about 1480 degrees F. The shells are left in 
this furnace for a half hour and are taken out and 
dipped in a bath of cotton-seed 011 heated to a tem
perature of 113 degrees F. The temperature to which 
the shell is heated varies with the different constitu· 
ents of the steel and practically evel'y different batch 
of 120 shells requil'es a slightly different temperature. 
'J'he proper temperature is determined by cutting out 
a section of a heat-treated shell and testing it for. ten
sile strength. The next step is to draw the temper 
on the open end of the shell for about three-quarters 
of its ,length. In this operation an 011 bath, heated 
by a mume gas furnace to a temperature of about 1000 
degrees F., is used. The shell is allowed to remain 
in the bath until it reaches the heat of the bath. 

One shell from a batch of 120 is now cut open in 
the proximity of the powder pocket and the cut-out 
section sent to the government inspectors to test It for 
tensile strength. Each one of the shells in the batch, 
in addition, is tested for hardness by a scleroscope as 
shown in Fig. 5. Before testing for hardness, the 
shell near the band groove is polished so as to get a 
true reading, then placed in a fixture, and the hammer 
of the scieroscope allowed to drop on It. The reading 
should be between 40 and 50, Indicating an elastic limit. 
of 80,000 to 90,000 pounds per square inch. The shell 
must not be ruptured at the point tested when the 
charge in it is exploded or when the charge in tbe case 
is set off. Should the shell upset near the rifling band 
groove when it is being propelled out of the gun, it 
would tear out the rifling in the bore of the gun. 

Experience with the scleroscope has disclosed the ex
istenee of a definite relation between the hardness and 
strength of metal. In determining the strength of 
ll1etal, two stages are recognized: First, the elastic 
limit, yield point or load required to start permanent 
set; second, the ultimate strength or load required to 
terminate permanent elongation and reduction of area 
in rupture. The hardness indicated by the scleroscope 
is intimately related to the elastic limit. The elaEtic 
limit increases more rapidly than the hardness from 
43 to 45, this being the minimum index of the strength 
value required. As an elongation of 8. per cent in 2 
inches is also called for, there must necessarily be an 
upper limit to the hardness. On the steel used for 
shrapnel which is generally about 50-point carboll, 
iO-point manganese, the maximum hardness should not 
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be over 60 as indicated o n  the scleroscope scale. 
On some makes of shells, particularly the British, 

the nose is closed in before performing the third series 
of machining operations. The closing in is generally 
accomplished in a hydraulic or power press. Before 
closing the open end of the shell, it is heated in the 
lead bath, which is kept at a temperature between 
1450 and 1500 degrees F. The steel diaphragm, which 
is larger in diameter than the nose of the shell, is first 
thrown in. Then the shell is placed in the press, and 
a cone-shaped die descends, closing in the nose to the 
proper shape and diameter. The third machining 
operation consists in finishing the radius on tbe nose, 
both inside and outside, and cutting the thread. This 
is done in an ordinary engine lathe with a turret on 

align it properly in the groove. It is now placed in 
the banding machine. This particular machine is pro
vided with six dies as shown in Fig. 7, and back of 
each one is a hydraulic cylinder operated by water 
pressure. Two squeezes are necessary to close the 
rifiing band properly into the groove, the shell being 
given a half turn after each squeeze. 

There are several different machh:�es on the mar
ket for performing this clOSing in operation on the 
rifiing band. 

In one method of machining the rIDing band to the 
correct shape a lathe is used which is provid_ed with 
a chuck for holding the shell and which carries in tbe 
turret a revolving centre for additionally supporting 
it. The machining is done by form tools which are of 

to the radius on the nose of the shell and boring on 
the inside and threading to fit the fuse body. Upon 
the completion of the machining operations, the plug 
is screwed in, the shell stamped, cleaned, weighed and 
inspected by government inspectors. After this, the 
shell is given two coats of paint and a red band is 
painted around the nose. It is now packed in boxes 
holding six shells and is ready for shipment. This 
completes the manufacture of the shrapnel Shell. 

Labor Statistics of Coal Mining 
THE coal mines of the United States gave employ

ment in 1913 to nearly 750,000 men (747,644), of whom 
571,899, or 76.5 per cent, were employed in the bitu
minous mines and 175,745, or 23.5 per cent, in the an-

Fig. 5.-Testing hardness of shell with scleroscope. Fig. 6.-Grinding shells accurately to size. 

the saddle. The boring is done with cutters held in 
boring-bars and the thread cut with a Geometric col
lapsing tap. The thread on the 18-pounder is 2.94 
inches' diameter, 14-pitch, Whitworth type. 

The extel'ior surface of a shrapnel shell is straight 
for a portion of the length and then curved on the nose. 
While the limits required are not extremely close, it is 
necessary where large production is required, to ac
complish the finishing operations on the exterior of the 
shell-in some way by which fairly close dimensions can 
be secUred as well as large production. Grinding has 
therefore been recommended for finishing the exterior 
of the shell. One method of grinding shrapnel shells 
in which a wide faced wheel is used that covers the 
entire ground surface, is shown in Fig. 6. This ma
chine carries a wheel about 8 % inches wide, 20 inches 
diameter. The grinding wheel is rotated at 1200 
R. P. M., and the work at 50 R. P. M. The depth of 

the correct shape. Before any other machining oper
ations can be accomplished it is necessary to put in 
the tin powder cup, brass fuse tube, bullets and resin. 
The tin powder cup is slipped in past the steel dia
phragm, then both parts are allowed to drop to the bot
tom and the fuse tube is screwed into the diaphl·agm. 
'l'he required number of lead bullets, which for the 
British IS-pound shrapnel is about 375 per shell, is then 
}loured in. The bullets are held in a tank and are al
lowed to fiow out upon the opening of a stop-cock. In 
order to pack the bullets solidly, a compressed air ram
ming device forms the base upon which the shell rests 
while the bullets are being poured in. This is oper-

thracite mines of Pennsylvania. The average working 
time (257 days) made by the anthracite workers and 
by the whole number of employees (238 days) in 1913 
was the largest on record, and the average time made 
by the bituminous mine wOI'kers (232 days) was ex
ceeded in three years only since 1890, namely, in 1899, 
1900, and 1907. The bituminous mine workers also es
tablished a new record for the average producUon per 
man for one year, 837 tons, and the average tonnage 
per man in the anthracite region, 520 tons, in 1913 was 
larger than in any preceding year with the exception of 
1911. The a verage tonnage per man per da;y in the 
anthl'acite mines has shown a declining tendency since 

Fig. 7.-Machine for pressing rifling bands: into shells. Fig. B.-Filling the shells with bullets and resin. 

cut is about 1/32 inch, and the time to complete one 
shell varies hetween two and three minutes. For grind
ing, a plug is screwed into the open end of the shell. 
This is held on the tailstock centre and a chuck holds 
and drives the shell from the other end. 

In order to rotate the shrapnel when propelling It 
out of the howitzer, it is necessary to put on a rifiing 
band to take the rifling grooves of the gun bore. A s  
a rule, these rifling bands are made from copper tub
ing and are simply cut off in a hand screw machine or 
turret lathe. The next operation is to close in the 
rifiing band on the shrapnel shell. The ring is dropped 
over the shell and a fixture is used to locate it in the 
correct relation to the groove in the circumference of 
the shell. Then a slight pressure Is exerted on It to 

ated three or four times for the filling of each shell and 
arranges the bullets compactly. 

The resin is now poured in, as shown in the center 
of Fig. 8. This is carried In the tank which is heated 
by a gas furnace and is poured in almost level with 
the top of the bullets. The shell Is then placed on the 
scale in the immediate foreground and weighed. One 
dram plus or minus is allowed as a variation, and in 
order to secure this, more or less resin is poured in 
until the correct weight is obtained. The brass fuse 
socket is now screwed In as shown to the left of the 
illustration, and upon the completion of this operation 
the shell is ready for the fourth and last machining 
operation. This last operation consists in machining 
the brass socket on the outside diameter to conform 
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1899 and has decreased each year since 1908, this aver
age in 1913 (2.02 tons) being the lowest made since 
1892. The average production per man per dJU In the 
bituminous fields, on the other hand, has shown an in
creasing tendency during the twenty-three years that 
these statistics have been compiled, though in 1913 there 
was a slight change in the other direction from 3.68 
tons per man in 1912 to 3.61 tons in 1913. The apparent 
increase in the efficiency of the employees in the bitu
minous mines has been due, as shown elsewhere in this 
report, to the steady increase in the use of mining ma
chines and to the Increased ratio that machine-mined 
coal bears to the total bituminous production.-Mmcwal 
Re80urce8 01 the United State8, 1918, Department 01 '116 
Interior. 
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